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BACKGROUND 

A tourist beach resort is being built near Lasiana Beach, 
approximately 5 km east of Kupang in Timor, Indonesia. The 
resort will offer comprehensive services and facilities to 
international standards, with the first stage featuring 
detached bungalow accommodation units and a non 
recreational feature lake. This mosquito investigation has 
been commissioned by the developers as part of the 
environmental impact considerations. The aim of this 
investigation is to determine the presence of pre-existing 
mosquito problems in the development area, the nature of 
the problems, and how any problems can be reduced for both 
the development and surrounding residents. 

METHOD OF SURVEY 

Site Survey 

A site inspection was carried out on 9 October 1988. 
Observations were made on drainage patterns by vegetation 
characteristics and flooding impacts from a spring tide two 
weeks previous. Possible mosquito breeding areas were 
localized and sites were selected for closer investigation. 
The results of the site survey are incorporated into 
Figure 1. 

Adult Mosquito Survey 

Special dry ice baited mechanical mosquito traps (modified 
EVS trap) were placed at selected positions around the 
development area on the evening of 9 October and collected 
one hour after sunrise the following morning. All trapped 
mosquitoes were killed by freezing in a dry ice atmosphere 
for one hour, examined for tentative identification, and 
packaged for later positive identification. One trap was 
run the following night downstream from the main Oesapo 
River bridge at a point of probable tidal penetration, as a 
comparison between the mosquito populations near the 
development site and another tidal influenced river. The 
results of the adult mosquito trapping survey are displayed 
on Table 1. 

A sample of insects biting during the survey were collected 
in stoppered glass vials for later identification. 

Larval Survey 

A comprehensive larval survey 
carried out on 10 October 1988. 
were examined in the vicinity 
particular emphasis on probable 
the tentative identification of 

of the development area was 
All areas of surface water 
of the project area, with 

breeding sites indicated by 
the adult trap collections. 
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Larvae were sampled using a standard 350 ml dipper, wi t h 
most of the larval collections made direct into stoppered 
vials of 70% alcohol. One collection of pupae was held in 
water from the breeding site for two days and all emergen t 
mosquitoes were killed ' as above. 

Water samples were taken at each larval sample site and at 
various other water collections for later specific 
conductivity (salinity) determinations. A brief larval 
survey was also made along the edge of the Oesapo River in 
the vicinity of the tidal limit of the river. The resul t s 
of the larval survey and the salinity determinations are 
displayed on Table 2. 

RESULTS 

Site Investigation 

Most of the project area was originally mud flat - tidal 
marsh under spring tide influence. The area lies betwee n 
two drainage lines draining to Lasiana Beach and t he 
project area is being progressively filled to above tidal 
level. 

3.1.1 Creek 1 

The western end of t he project are a is bounded by a ric e 
irrigation channel-creek emptyin g through a tidally 
influenced drainage line to the sea. The rice farmers have 
installed a stick and mud tidal barrier between the project 
road culvert across the channel and t he lower tidal mout h. 
The tidal mouth has been temporarily blocked by t he 
developers by a sand barrage which continues all around t he 
seaward side of the project area and blocks any tidal entry 
to the project area. The probable tidal limit of this 
western drainage line, based on the flocculation of t he 
soil and marsh vegetation, is just below the site of t he 
new culvert (see Figure 1). Ups t ream of the culvert, t he 
rice irrigation channel is dry and overgrown with heavy 
bullrush reeds (Typha sp). During the rainy season, exce ss 
water not used for rice irrigation would flow through the 
culvert area to the sea. 

Mosquito breeding in this area could occur in t he 
irrigation channel, in the rice paddies, and in the lowe r 
tidal reaches of the drainage line. The species and t he 
amount of mosquito breeding in this area will depend on 
many variables including water management practices and the 
presence of fish and other aquatic predators. Although 
these factors can not be accurately assessed without a wet 
season survey, it is probable that the most prolific 
mosquito breeding is likely to occur in the lower tidally 
influenced portion of this drainage line. The species mos t 
likely to breed in this portion include Anopheles 
subpictus, Anopheles sundaicus and Aedes vigilax. 
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3.1.2 Creek 2 

The other drainage line drains the southern and eastern 
areas of the project vicinity. It starts as a spring fed 
creek, draining through an upper fresh water area with 
increasing amounts of reeds, through a brackish channel of 
reeds, and then continues as a salt marsh channel lined 
with salt water couch, across to a tidal creek. There was 
only a low amount of flow from the upper seepage area and 
the creek system was blocked by a sand blow near the 
frontal dune at site 1. Brackish water is confined to the 
defined channel across the salt marsh and the upper reaches 
of the creek has Typha reeds defined by relatively steep 
banks. There were areas of wet mud in the salt marsh 
consistent with recent tidal flooding. 

The brackish channel and the salt marsh offer 
ideal breeding sites for a wide range of mosquito 
species, depending on the amounts of fresh water 
flow and tidal flooding. Probable species capable of 
breeding in ·this drainage system include Aedes vigilax, 
Anopheles subpictus, Anopheles sundaicus and Culex sitiens. 
The large area of salt water couch marsh indicates 
that this area would be a major breeding site of Aedes 
vigilax after tidal inundation, and is likely to be a very 
prolific breeding site for many species, 
especially in the months following t he rainy season. 

3.1.3 Other Tidal Areas 

Regular tidal flow occurs in the tidal channel immediately 
downstream from the sand block near site 1 (Figure 1), and 
so there is no potential for any mosquito breeding in this 
portion. 

Spring tides for one or two periods each month are likely 
to flood varying amounts of the tidal marsh and the 
mangrove vegetation area. The tidal water is likely to 
remain in the salt marsh area due to the present sand 
block, and the many localized depressions throughout the 
marsh. The higher spring tides will flood the mangrove 
vegetation but this area is likely to drain back into the 
salt marsh area and not provide any considerable areas of 
mosquito breeding. If there are any artificial depressions 
or impedence to the relatively free draining nature of this 
area, additional and prolific mosquito breeding areas could 
be created in this area. 

Spring tides would have previously flooded the majority of 
the project site, but due to the present disturbed nature 
of this area, it is unclear if this would have provided 
mosquito breeding sites. With the complete filling of this 
area, any previous mosquito breeding will be completely 
eliminated. 
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Adult Mosquito Trapping 

The highest numbers of mosqui t oes trapped we re at si t es 3 
and 4, amongst thick vegetation in t he mangrove are a 
adjacent to the salt marsh (Table 1). Aedes vigilax, ( t he 
salt marsh mosquito) was the most abundant species. This 
species breeds in salt marsh areas flooded by high tid e 
or rain, and can reach extremely high numbers when sui t able 
breeding conditions exist. The numbers trapped during t he 
present survey indicates that only a minor pest problem 
exists at the time of trapping. However, as it was 
approximately two weeks after the last spring tide and t he 
natural daily mortality of this species is likely to be 
relatively high under the present dry conditions, i t is 
very likely that there was a major pes t problem in the 
general area in the previous week. This is supported by 
comments from project staff. 

Aedes vigilax is a major pest species and because of t he 
relatively large extent of salt marsh near the proj ec t 
area, it .has undoubtably caused severe pest problems t o 
residents in the vicinity of Lasiana Beach. 

The next most numerous species recovered was Culex sit i ens 
(the salt water Culex mosquito). This species is no t as 
persistent a pest as Ae vigilax and the numbers indicate 
that is is only a mino~pes t a t pre s e n t . I t breeds in sal t 
or brackish wate r whe r e t he wat er i s more long s t anding 
than the more e phe meral breeding sit es of Ae vigilax. 
It is unlikely t o have bee n p re s e n t a t higher numbers f or 
at least a few weeks b e for e t h i s surve y. It does, however , 
have the capacity t o breed in extremely high numbers in 
brackish water in the abs e nc e o f a quatic predators and wave 
action, and as such could breed i n any brackish or s al t 
water lake unless certain f e a t ure s are included in t he 
design or maintenance procedure s. 

The other species trapped in any appreciable number was 
Culex annulirostris. This is a fresh water species, and 
the highest numbers near site 1 suggests that there may b e 
suitable breeding sites nearer to this site. The numbers 
present were not sufficient to cause a pest problem, but as 
this species could breed in fresh water irrigation channels 
and rice paddies during and after the wet season it is 
probable that this species would be a more significant pes t 
at other times of the year. 

The species of most public health importance in the 
trapping program was Anopheles subpictus. This species is 
a vector of malaria in Timor. While only one specimen was 
recovered by the dry ice traps, it is possible that t h i s 
species is more abundant than the results indicate, as i t 
would be more attracted to nearby people and animals than 
the traps. This species breeds in coastal swamps and pools 
in brackish to even very salty water (up t o 8.6% salinit y) 
and can also breed in more inland si t uations in rice fields 
or any temporary collection of ground water. It could 
occur in high numbers in more long s t anding water in salt 
marshes after tidal flood ing or in sui t able breeding site s 
during and after the rainy s e ason. 



l 
l 
l 
l 
l 
l 
l 
J 

I 
I 
I 
I 
I 
J 

_J 

J 
J 
J 
J 
J 

3.3 

- 5 -

The trap collection at the Oesapo River only had low 
numbers, indicating that the project area has a greater 
mosquito problem than other tidal rivers and creeks in the 
general area. 

Aedes vigilax was collected biting 
project site at relatively low 
vegetation. 

Larval Survey 

during the day at the 
numbers in shaded 

The highest concentrations of mosquito larvae were found in 
the impounded brackish and salt water channel on the salt 
marsh. The larvae were almost exclusively An subpictus and 
at relatively high concentrations, making~this breeding 
site a major source of malaria vectors for the surrounding 
area. The larvae were closely associated with the dense 
growth of salt water couch grass (Sporobolus sp) along the 
edges of the channel, and in mats of green filamentous 
algae in the shallow open areas of water. They were not 
present in the deeper open water of the channel, due to the 
presence of fish. All growth stages were present, 
including a relatively high number of pupae. It is 
probable that this relatively large amount of breeding has 
been due to favo~rable conditions created by the previous 
spring tide. The presence of pupcte indicates that there 
would be significantly higher adult numbers at least in the 
week following the survey, unless the breeding is disrupted 
by the next spring tide. 

The number of larvae in the different areas of the salt 
marsh channel are more a reflection of the physical 
conditions, rather than any preference for higher salinity 
water. There were relatively more larvae in the higher 
salinity water around site 1, due to the wider margins of 
shallowly flooded salt water couch and the larger area of 
shallow open water with heavy algal growth, which made fish 
predation difficult. In the lower salinity water further 
upstream, the water was largely confined to the steeper 
sided channel with relatively less available shelter for 
larvae. 

The presence of Ae subpictus over a wide range of 
salinities suggest that when the salt marsh is extensively 
flooded for longer periods during and after the rainy 
season, there would be breeding throughout the large area 
of salt water couch. 

There were no larvae in the fresh water seepage "spring" at 
the start of creek 2. This is probably due to the lack of 
any emergent vegetation or algae and the discrete nature of 
the creek at that point. Lower down the creek, in the green 
Typha reed area, there were numerous small fish, damsel fly 
and dragon fly larvae and other aquatic insects which would 
have been exerting a considerable degree of biological 
control of mosquito larvae. Here the larvae were much less 
numerous than in the saline areas and were closely 
associated with shallow, thick vegetation at the margins. 
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No larvae were recovered from the wells and this was due to 
continual agitation in the shallow wells by the corn 
farmer, and to the lack of sunlight in the deeper well near 
the project hut. 

4.0 IMPLICATIONS OF THE SURVEY RESULTS 

4.1 Mosquito Pest Problems 

There is a very significant mosquito pest problem in the 
general Lasiana Beach area due to Aedes vigilax (the sal t 
marsh mosquito). This species is breeding primarily in the 
periodically flooded tidal marsh area at the eastern end 
of the project area. The pest levels are likely to be 
extreme from August to January after flooding by either 
spring tides or rain. As this species has a relatively 
long flight range, pest numbers would be experienced for a t 
least a few kilometres from this breeding site. Pes t 
numbers would be greatest for approximately one week 
beginning five days after the highest spring tides of the 
month during the dry season, and for extended periods 
during the first two months of the rainy season. 

These pests~ being so close to the resort development 
make outdoor relaxation in the evening and early 
unbearable, particularly for families with children. 
mosquitoes will bite even during the day in 
situations, and the only practical relief would be 
in insect screened areas. 

would 
night 
Thes e 
shady 

refuge 

Less severe pest problems are also likely to occur due to 
the brackjsh water Anopheles mosqui toes, and fresh water 
Culex mosquitoes. 

4.2 Potential Public Health Problems 

The greatest public health problem from mosquitoes in this 
area will be the possible transmission of malaria. The 
survey has established that there are very high larval 
numbers of An subpictus present in the salt marsh area over 
a range or- salinities. There is likely to be a muc h 
greater area of breeding sites available for this species 
after the start of the rainy season. With moist humid 
conditions and prolific vegetation growth, the longevity of 
the mosquitoes and hence their potential to transmit 
malaria, would be increased. Any development that does no t 
include some form of mosquito control over the salt marsh 
area is likely to face a serious public health problem 
which would jeopardize the success of the development and 
the tourist industry in general. 

Anopheles subpictus is regarded as a local vector of 
malaria in this region (Lee and Woodhill 1946) and it 
and An sundaicus are considered to be the main vectors of 
malaria at least around Dili in East Timor (Ferriera and 
Pareda 1962). More recent observations suggest that 
An subpictus is probably an important vector of malaria 
along the coast of West Timor in the dry season 
(Gundelfinger et al 1975). 
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While An sundaicus was not recovered in the present survey 
it has been recorded in high numbers from at least other 
areas of Timor, and may be present in this area at leas t 
at some time of the year. It breeds primarily in brackish 
water along the coastal zone, in brackish fish ponds, 
enclosed lagoons and natural pools not subject to regular 
tidal influence, with an optimal salinity of about half sea 
water. These conditions would exist in the salt marsh area 
during or just after the rainy season. An sundaicus is 
considered a major vector of malaria in other regions and 
if later surveys indicate that this species is present in 
appreciable numbers in the study area, the potential for 
malaria transmission in this area would be even greater. 

Malaria is recognized as a serious public health problem in 
Timor and is a life threatening disease. The most serious 
form of malaria, Plasmodium falciparum, is relatively 
common. In one investigation near Litamali in West Timor, 
35% of 520 individuals were found to have malaria 
parasites, with most of the infections being P. falciparum 
(Gundelfinger et al i975). 

If malaria transmission is taking place in the Lasiana 
area, the proximity of local infected residents and the 
relatively high numbers of Anopheles vectors would pose a 
high potential for transmission to non immune tourists. 

Malaria infections have been found at the 2.9% level in 
An subpictus in February in and around Dili (Ferriera and 
Breda 1961) while records of out patient treatment for 
malaria at Besicama showed a peak between June and 
September (Gundelfinger et al 1975). This information 
suggests that local residents and tourists could face the 
threat of malaria transmission at least from February to 
September. 

Control of malaria is becoming increasingly difficult on a 
world scale, with incre a s ing resistance shown by the 
parasites to malaria drugs, and the vectors exhibiting 
increasing insecticide resistance. In the present 
situation, the most practical way to reduce the potential 
for malaria transmission, for both residents and tourists, 
is to eliminate the breeding sites of the vector 
mosquitoes. 

The other potential health threat posed by mosquitoes in 
this area is dengue fever. Dengue is a virus disease 
transmitted by the dengue fever mosquito Aedes aegypti. 
There are four different dengue viruses and infection with 
one of the viruses does not confer any immunity to the 
other three types. Dengue transmission can cause 
considerable morbidity in susceptible populations, but 
there are forms of the disease, known as dengue 
haemorrhagic fever that can cause considerable mortality, 
particularly- among children. Ae aegypti is present in 
Timor and breeds in rain filled~rtificial containers or in 
water storage vessels. There were no Ae aegypti mosquitoes 
recovered by the present survey, but this is hardly 
surprising as this species would primarily exist as drought 
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resistant eggs during the · dry season, and the survey 
methods used are unlikely to detect this species at that 
time of the year. It is quite probable that dengue 
transmission does take place at least in some areas near 
the study site. The reduction of dengue transmission 
relies on the elimination of possible breeding sites. An 
enhanced awareness of the potential breeding places and 
their elimination by both the developer and local residents 
could greatly reduce the potential for the transmission of 
this disease. 

Drainage 

The Lasiana Beach area is a low lying area receiving 
considerable run off from the hinterland. Adequate 
drainage of the project site and the surrounding area t o 
reduce areas of standing water must be · of paramount 
importance to reduce potential mosquito problems. As t he 
important vectors of malaria and the most significant p e s t 
mosquitoes will breed in brackish to salt water, it is 
absolutely essential that all brackish and salt water areas 
are free draining to areas where mosquito breeding is not 
possible. 

4.3.1 Creek 1 

The drainage line from the rice growing area should have 
either a tidal barrier near the mouth of the creek with a 
tidal flap valve or be reconstructed so that tidal entry 
can completely drain within one day. With a tide barrie r 
the valve must be of sufficient size to handle the expected 
wet season fresh water flow, and the area between the new 
culvert on the project road and the tidal barrier will nee d 
reconstruction to prevent any pooling. 

The capacity of the reed filled irrigation channel and t he 
rice paddies to breed mosquitoes would need wet season and 
immediate post wet inspection. If these do prove to be 
significant sources of mosquitoes, additional engineering 
and water management practices would be required in this 
area. 

4.3.2 Mangrove Area 

Any excess wet season runoff from the rice irrigation are a 
must be allowed to drain freely, either into creek 1 or via 
a new drainage channel through the mangrove area at the 
south of the project area, all the way to the sea or to the 
feature lake. Any residual pooling in the mangrove zone, 
either natural or as the result of mechanical disturbance, 
must either be filled or made free draining into the tidal 
area of the feature lake. 
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4.3.3 Salt Marsh Area 

4.4 

The elimination of the mosquito breeding sites in the salt 
marsh area is the most important aspect of mosquito control 
for the development and the nearby residents. The most 
immediate need is to unblock the presently blocked channel 
caused by the sand blow from the frontal dune. The water 
level in this impounded area is approximately two metres 
below the low tide level at the time of the survey and 
so there appears to be adequate fall to allow for drainage. 

The mosquito breeding areas in the tidal marsh could be 
eliminated by either completely filling the entire salt 
marsh area or by constructing a new drainage pattern. If 
the salt marsh area was filled, it will still be necessary 
to provide a channel for the wet season flow from creek 2 
to discharge to the sea. The most practical method appears 
to drain the salt marsh so that there is no standing water 
after tidal flooding or rain. · This could be achieved by 
cutting a new channel between the bend in the channel and a 
tidal arm of the creek as in Figure 1. The salt marsh 
area must then be provided with a number of lateral 
drains to the tidal channels so that there is no standing 
pools from localized depressions. The lateral drains will 
only need to be relatively narrow (500 mm wide) and shallow 
(200 mm deep). Any localized depressions that cannot drain 
with this system could then be filled. The success of 
these measures will depend on the ability of the main 
channel to drain freely at low tide and the capacity of the 
small lateral drains to adequately drain the marsh after 
flooding. 

The Feature Lake 

There are at least two alternative water types presently 
being considered for the feature lake. Both alternatives 
will involve excavating the lake behind a bund wall to 
either exclude tides or allow for a tidal overtopping. One 
alternative is to have a largely tidal lake, regularly 
filled by high tides or by pumping sea water. The salinity 
of this salt water lake could vary a great deal, depending 
on the amount of fresh water seepage into the lake and 
whether the lake receives fresh water runoff from the rice 
fields area. If the lake is under regular high tide 
influence for at least two periods each month or with sea 
water pumping, the salinity is likely to be relatively high 
and thus not suitable for tall emergent fresh water reeds 
such as the Typha species reeds. 

The other alternative would be for a fresh water lake, 
entirely bunded off from the sea and fed by fresh water 
flow from the rice channel during and after the wet season 
and topped up by pumping fresh ground water during the late 
dry season. If the salinity of the test hole water at site 
7 is an indication that sea water intrusion is occurring 
through the frontal dune, it may be harder to maintain a 
truly fresh water lake and the result may be a 
brackish lake ranging from lightly brackish to saline. 
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Whicheve r alt e rnat ive is chosen, t he lake will have a 
capacity to breed mosqui t oes if t here is e me rge nt 
vegetation in t he lake, thick vegetat ion a t t he margins, 
large amounts of algal or aquatic weed growth, isolated 
still cut off pools around the edges, or if i t is devoid of 
aquatic mosquito predators such as fish. 

With the salt water lake there will be salt wa t er 
couch growth around the edges and there is likely to b e 
algal mat growth, both of which could afford shelter that 
would enable mosquito breeding to occur. To avoid the sal t 
water couch growth it would be vital to have the lake 
margins as steep as possible, at least a 45 degree slope or 
greater and to have an impervious edging sufficient to cope 
with the anticipat ed rise and fall of the water level . 

If fresh water flow is to be diverted into the salt water 
lake during or after the wet season, it is important t o 
have a bypass drain around the lake or a diversionary 
structure in the vicinity of the project road culvert, so 
that the first flush of nutrients in the rainy season could 
be diverted away from the lake. This would reduce t he 
capacity for t he prolific growth of algal mats and 
subsequent mosquito breeding. Because of the uncertainty 
of seasonal salinity levels in the lake and the subsequent 
suitability of emergent plant growth, it would be prudent 
to construct the salt water lake a t least two metres deep 
in order to reduce the capacit y f or aquatic plant a nd 
emergent plant growt h. I t would b e essential to have 
top feeding f i sh in t he lake to a ct as biological cont r ol 
agents on mosqui t o larvae. The s e could be introduced 
artificially i f t he fi n a l design does not allow for f ish 
entry with tidal inflow. 

With the fresh wat e r lake op t ion, the t idal bund would need 
to be higher than that for t he salt water op t ion and t here 
would be an even great er need t o have a level bottom 
surface and a stabilised water level a t l e as t two metres 
deep so that emergent vegetation would be discouraged . 
There is likely to be a greater seasonal water l evel 
fluctuation with the fresh water lake and a greater 
capacity for marginal vegetation growth. To prevent this 
the impervious lining of the margins would need t o be 
deeper and wider. 

With either the fresh or salt water l ake , i t is essential 
to have a constructed overflow point with an eros ion 
prevention structure at the bottom such that the overflow 
can drain via a formalised drain direct t o a daily flushed 
tidal area. It would also be essential that the mangrove 
vegetation area is free draining either into the lake or 
via an area around the lake. To prevent tidal overt opping 
and disturbance t o the lake and margins, it would b e 
necessary for the frontal dune to be reconstructed and 
stabilised wi t h v e getation such as beach spinifex or with 
trees such as beach hibiscus or casuarina. In addi t ion , 
both lakes will need the capacity to be drained for 
maintenance purpos e s or wa t er level management. This could 
be achieved by incorporat ing a valve in t he bund wall which 
would t hen e mp t y int o the ove rflow s t ruc t ure and flow 
direct t o a daily flush t idal area. 
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RESORT FACILITIES 

Even if the majority of mosquito breeding sites are 
rectified in the immediate vicinity of the resort, there 
may still be a certain amount of mosquito migration from 
further afield or mosquito breeding near or in the 
resort due to a breakdown in maintenance procedures. 
For these reasons it is necessary to incorporate certain 
design features and provide certain facilities so that 
potential public health problems or pest problems can be 
reduced to the minimum. 

4.5.1 Insect Screening 

All accommodation units should be entirely insect screened. 
For those units that do not have air conditioning this will 
include the provision of screen doors which are completely 
sealing at the top and bottom to prevent any mosquito 
ingress. Insect screen doors should open outwards to 
prevent inadvertent insect entry during door opening. 
Large function rooms and other public facilities for 
passive night time use should also be insect screened. 

4.5.2 Lighting 

Outside lighting close to accommodation units should be 
yellow to reduce the attraction of insects to the units. 
Normal incandescent or fluorescent lights could be 
strategically placed around the edge of the development to 
act as a diversionary measure. 

4.5.3 Amenity Tree Planting 

Very dense shade trees with branches low to the ground 
offer good mosquito harborage and should be avoided in the 
resort area. As well, dense, moist garden areas, such as 
ferneries and shubberies should be avoided. Palms, open to 
the breezes while still providing shade, would appear to 
be ideal in this situation. 

4.5.4 Internal Storm Water Drainage 

Internal storm water drainage is likely to include various 
pollutants and nutrients from washdown operations and 
should not be channelled to the feature lake where it would 
increase the probability of algal growth. All storm water 
should be discharged direct via a pipe to below the bund 
wall or to a daily flushed tidal area. 

4.5.5 Stored Water 

If any rain water tanks are constructed, they should be 
completely sealed to prevent the access of the dengue fever 
mosquito. Any water features such as fish ponds or bird 
baths should be stocked with fish or maintained on a weekly 
basis. Any pot plants with drip trays capable of holding 
water for periods of longer than a week should be emptied 
and cleaned on a weekly basis. 
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4.5.6 Sewage and Other Waste Water 

Sewage and waste water either in their collect ion, 
or disposal facilities, will have a great capacity 
mosquitoes. There are specific guidelines 
treatment and disposal of sewage to avoid mosquito 
and these are attached as Appendix 1. 

s torage , 
to bree d 
for the 
breeding 

5.0 RECOMMENDATIONS FOR THE REDUCTION OR ELIMINATION OF 
MOSQUITOES 

5.1 An immediate and urgent unblocking of the sand blocked 
channel of creek 2. 

5.2 A new channel should be constructed to allow drainage of 
creek 2 to the tidal area. 

5.3 Lateral drains must be constructed throughout the salt 
marsh area of creek 2 to allow for complete drainage of the 
entire marsh. 

5.4 Any localised depressions in the salt marsh that cannot be 
drained must be filled. 

5.5 Drainage facili ties or fill must be provided so that the 
mangrove area can be free draining. 

5.6 A free draining drainage line for creek 1 must be provided 
direct to the sea. 

5.7 The feature lake mus t be steep sided, with a level bot tom 
and must be a minimum of t wo metres deep with impervious 
vegetation free margins. 

5.8 The feature lake must be stocked wi t h fish or allow for 
fish entry with tidal inflow. 

5.9 Fresh water input from a creek to the lake must allow for 
the first flushes of the season to be diverted direct to 
the sea. 

5.10 All accommodation units must be completely screened. 

5.11 Internal storm water drainage from the resort should be 
directed via a pipe direct to the daily flushed tidal area. 

5.12 Sewage and other waste or stored water should be 
adequately collected, treated and disposed of so that it 
will not provide a breeding habitat for mosquitoes. 

5.13 Mosquito harborage and at t raction in the resort area should 
be reduced by appropriate choice of vegetation and 
lighting. 
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FOLLOW UP 

This survey has been very brief and while some of the 
potential mosquito problems at other times of the year have 
been assessed from the available evidence, a more complete 
assessment of the potential problems would only be possible 
by a survey in the later part of the wet season and in the 
early dry season. The recommendations for the control or 
elimination of mosquito breeding contained in this report 
are as detailed as possible, but their success will depend 
entirely on the detail of their implementation, over which 
the author has no control. A later assessment of the 
implementation of these recommendations would be necessary 
to ensure that the mosquito problems have been minimized as 
much as possible. 
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TA BLE 1 

LASIANA BEACH RESORT 

ADULT MOSQUITO TRAPPING RESULTS 

Adult 
Site No. An. Ae. Cx. 

( Fig. 1 ) sub pi ct us vigilax sitiens 
Cx. 

annulirostris 
Cx. 

quinquefasciatus 
Total 

2 0 

3 0 

4 0 

5 0 
( Oesapo R. 

Bridge) 

Total 

2 

32 

1 4 

50 

7 

6 

5 

7 

2 

27 

TABLE 2 

7 

0 

2 

0 

1 0 

LASIANA BEACH RESORT 

3 

SALINITY AND LARVAL SAMPLING RESULTS 

Larval 
Site No. 
(Fig 1) 

2 

3 

4 

Site Description 

Salt water couch, 
Impounded water. 

Sea water. 

Salt water couch, 
Purple flower bush. 

Typha bullrush 
(green). 

5 Disused well, 1. 5M. 

deep. 

6 

7 

Muddy creekline, 
seepage spring. 

Test hole on mud
flat, 0. 5M deep . 

Salinity Ave. No. 
Larvae/dip 

30. 3mS/cm 1 0 

47. 9mS/cm 0 

1 7 . 7 5 mS/ cm 5 

7. 72mS/ cm 2 

877uS/cm 0 

744uS/cm 0 

46. 1 mS/ cm 0 

0 

0 

0 

0 

3 

Species 

1 6 

9 

37 

23 

6 

91 

An. subpictus 
Cx. sitiens 

An. subpictus 

An. subpictus 
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MOSQUITO BREEDING AND SEWAGE TREATMENT 

IN THE NORTHERN TERRITORY 

Peter I. Whelan 

ABSTRACT 

Sewage and sewage treatment effluent have been major artificial 

sources of pest and vector mosquitoes in the Northern Territory. 

The mosquito breeding has usually been associated with inadequate 

design considerations, inadequate maintenance practices, or 

faulty methods of effluent disposal or dispersal. This paper 

emphasises the need to consider mosquito breeding to those 

involved in the design and operation of sewage treatment 

facilities, and outlines design considerations and operational 

practices that can reduce mosquito breeding associated with 

sewage treatment. 

1 . INTRODUCTION 

Sewage and sewage treatment effluent have been major 

artificial sources of mosquitoes in the Northern Territory 

C Whelan, 1981, 1984). Nutrient rich sewa ge has the capacity to 

produce enormous numbers of mosquitoes, and as treatment 

facilities are relatively close to communities, they usually 

give rise to large and continuous problems from pest and 

vector mosquitoes. 

The mosquito breeding is usually associated with inadequate 

design considerations, inadequate maintenance practice, or 

faulty methods of effluent disposal or dispersal. Some of 

these practices can be relatively easily rectified. There is 

a need for ·an enhanced awareness of the nature of potential 

breeding places among design engineers and operators of sewage 

treatment facilities. 

The aim of this paper is to emphasise the need to consider 

mosquito breeding to those involved in the design and 

operation of sewage treatment facilities , and to outline some 

of the design considerations and operational practices that 

can reduce mosquito breeding. 



2 

2. 0 MOSQUITO SPECIES ASSOCIATED WITH SEWAGE TREATMENT 

AND EFFLUENT DISPOSAL 

2. 1 Culex guinquefasciatus, "The Brown House Mosquito." 

This species usually breeds in organically polluted water near 

human communities. It is frequently found breeding in high 

numbers in unsealed septic tanks and primary sewage ponds, 

although it can sometimes be found in organically overloaded 

loaded secondary sewage ponds. In septic tanks and primary 

sewage ponds, the water quality is such that it is unsuitable 

for normal biological control agents such as fish or aquatic 

insects. With a high level of micro-organisms for food and 

with temperatures above ambient levels, these breeding places 

can produce enormous and continuous numbers of mosquitoes. 

The female brown house mosquito can lay over 200 eggs per time 

as a floating raft. It can take as little as seven days to 

grow through the four growth stages and the pupal stage before 

the adult emerges. Adult mosquitoes harbour in thick 

vegetation adjacent to the breeding site. They are frequently 

found inside nearby unscreened buildings, particularly in 

moist, wind protected areas such as showers, toilets, 

laundries or animal houses. 

The females bite at night and readily enter and bite inside 

buildings. Although this species has a preference to bite 

poultry and domestic animals such as dogs, it will readily 

bite people. It is a very significant pest species wherever 

favourable breeding sites are found. The females rarely 

travel more that two kilometres from their breeding sites. 

Captures of large numbers of females or any males indicate a 

nearby breeding place. Due to the nature of the breeding 

sites, this species can be present throughout the year. 

Culex quinguefasciatus is a suspected vector of Australian 

encephalitis. It is also a vector of heartworm of dogs. 
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2. 2 Culex annulir ostri~ "The Co mmon Banded Hosqu 1 to." 

The common banded mosquito is the most common mosquito in the 

Northern Territory. This species breeds in a variety of sites 

and is most commonly found in open, shallow, vegetated, 

freshwater swamps, streams and lagoons. It will breed in 

artificial situations such as waste water drains and disused 

swimming pools. It can be found in brackish coastal swamps, 

although it is usually not found in water with a salinity of 

more than one fifth sea water ( Whelan, 1984). 

The mos.t prolific breeding places are in secondary sewage 

treatment and evaporation ponds, and sewage pond effluent. 

The larvae are most frequently found in still, sheltered areas 

where vegetation offers protection from disruptive wave action 

and aquatic predators. Extremely high numbers of larvae and 

pupae can be found in these situations. 

Sewage ponds with no marginal vegetation or flotsam are rarely 

suitable as breeding sites, due to the wave action and the 

presence of aquatic pred~tors . 

Females lay eggs in rafts with over one hundred eggs per 

raft. The time from egg laying to adult can be as little as 

eight days. Females require moist humid conditions for 

harbourage and are frequently found adjacent to the breeding 

sites in dense vegetation. This species can disperse up to 

ten kilometres from the breeding area C Russell, 1986). 

Culex annulirostris is abundant in the • Top End· of the 

Northern Territory from January to August and from October to 

April in the southern region. The female bites primarily in 

the first two hours after sundown, but can bite at low levels 

during the entire night. It does not readily enter buildings 

but is an avid biter of people and domestic animals. This 

species is the most significant pest species in the Northern 

Territory. It has become more numerous around communities due 

to various human activities. It is particularly numerous 

where natural swamps or waterways have been polluted with 

sewage effluent. Permanent breeding places close to 

communities have been created by waste water drains and sewage 



treatment facilities. These artificial br e eding s 1 t u a t 1 ' ) n ~ 

can aggravate 

enabling a 

the normal pest or potential disease problems b y 

more rapid population build-up soon after 

favourable rains. 

Culex annulirostris is a confirmed vector of a number of 

arboviruses affecting people C Doherty, 1 972). The 

is 

most 

the important disease caused by these arboviruses 

potentially fatal Australian encephalitis. There have been 

four confirmed cases of Australian encephalitis in the 

Northern Territory in 1987/88 CCDI, 1988) and the majorit y o f 

these cases have been correlated with high numbers of 

Cx. annulirostris. Other viruses that are transmitted by 

this species 

Sindbis virus. 

include Ross River virus, Kunjin virus and 

Ross River 

polyarthritis, which is 

the Northern Territory. 

virus causes the disease, epidemic 

relatively common and widespread in 

High numbers of Cx. annulirost ris 

close to residential areas in the January to June period pose 

a potential risk for mosquito borne disease transmission. The 

most effective long term protection from these viruses lies in 

eliminating the breeding sites within flight range of urban 

areas. 

2. 3 Anopheles ~nnulipes s. 1., "The Freshwater Malaria Mosqu ito" 

This species breeds in open, sunlit, temporary and permane nt 

freshwater ground pools, streams or swamps. It is frequen tly 

associated with vegetation or algae, but can breed in sha llow 

ground pools with no vegetation. Although never in high 

numbers around the north coast, this species can be quite 

common subcoastly and is seasonally abundant in the southe rn 

region from October to April. It is very rarely found in 

sewage ponds but it is frequently found in the lower 

organically loaded sewage effluent, particularly where the 

effluent flows into shallow, open, grassed areas. 

The female lays eggs singly on top of the water and the eggs 

are prone to dessication and stranding. The developme nt 

period from egg to adult is from seven to ten days, dependi ng 

on water temperature. Thi s species will sometimes ent er 
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houses , but i t is never found in relati vely high n umber 3 

inside houses. It bites domestic animals and man readiJ y at 

night, with peak biting pe~iods usually later than for the 

common banded mosquito. The females can disperse up to two 

kilometres from their breeding places. Anopheles 

annulipes s. 1. is a suspected vector of malaria and is a 

significant pest species in inland areas where suitable 

breeding sites exist. 

3. 0 MOSQUITO BREEDING AND SEPTIC TANKS 

The brown house mosquito, Culex quinquefaciatus, is the 

principle mosquito species found breeding in septic tanks. In 

arid situations such as Hermannsberg, septic tanks are the 

only available mosquito breeding sites for much of the year, 

and considerable pest problems have been entirely due to 

damaged or inoperable septic tanks. Mosquito breeding in 

septic tanks is entirely dependent on mosquito access into the 

tank , and is due to damaged or missing tank tops _ and 

inspection manholes or unscreened vents into the tank. Septic 

tanks that are overloaded, or absorbtion trenches that are 

faulty or in water logged soil, can cause pooling of effluent 

and result in additional mosquito breeding. 

In general, fibreglass septic tanks are less likely 

mosquito access because of the close fitting 

covers. Concrete tanks with the flat concrete 

to have 

inspection 

top slab 

invariably have a small space between the top slab and the 

body of the tank. Concrete tank inspection manholes and tops 

can be simply mosquito proofed by applying a sand and cement 

mixture to all joints. 

All vents to septic tanks should be screened to prevent 

mosquito entry. The detection of breeding can be determined 

relatively easily by opening the inspection manhole and 

disturbing the inte-rior of the tank with a stick. Any 

observed mosquito activity indicates that sealing of the tank 

is required. If septic tanks are completely sealed there is 

no need for insecticide treatment. 



4 . 0 

4. 1 

4. 1 . 1 

4. 1. 2. 

MOSQUITO BREEDING AND SEWAGE POND DESIGN CONSIDERATIONS 

Site Location 

Wind 

Wind and the associated wave action can play a large role 

in preventing mosquito breeding in sewage ponds by 

disrupting the larvae and pupae at the water surface . Site 

selection for exposure to wind is 

ponds or ponds with steep banks. 

more important in smaller 

Even in the larger, well 

constructed secondary and evaporation ponds, protection 

from wind can allow the growth of algae, aquatic floating 

ferns ( Azolla sp.), or duck weed ( Lemna sp.). These 

floating aquatic plants protect the larvae from wave 

disturbance and aquatic predators. 

A series of small treatment ponds with steep, sloping banks 

were constructed on the side of a hill at Snake Bay on 

Melville Island, with the hill and close, tall, eucalypt 

forest protecting the ponds from wind. The pond surfaces 

became colonized by Lemna sp. and enabled 

Cx. annulirostris 

throughout the ponds . 

If increased exposure 

methods such as tree 

control measures 

necessary. 

Pond Maintenance 

or a 

to breed in significant numbers 

to wind is not possible by simple 

clearing, then 

relocation of 

continual mosquito 

the ponds may be 

At some stage, the draining of sewage ponds for maintenanc e 

purposes will be required. Ponds can either be pumped out 

to a suitable end point or drained by a system of pipes and 

valves already in place. Often, normal effluent release 

from the final treatment pond may be to a suitable end 

point, but there may be no provision for suitable disposal 

from other ponds. The choice of a site location should 

consider the provision of facilities for the draining of 

all ponds for maintenance purposes. Draining of the ponds 

into unsuitable non-draining areas such as shallow swamps, 

ill draining creek systems or low lying land has caused 

major mosquito problems and required extensive insecticidal 
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co ntc o l o r- the c onstru c tion of 

prevent continuing problems. 

4. 1. 3. Site Drainage 

n e w d r- ain age sy s tems t :) 

Poor site selection for good surrounds drainage has caused 

extensive mosquito problems. This can occur when ponds are 

constructed near tidal areas, wetlands or where the ponds 

are between the sea and low lying areas with relatively 

large catchment areas or areas that receive seepage. 

Particularly large problems with salt water species of 

mosquitoes can be created when ponds are constructed near 

tidal areas such that they block existing tidal drainage 

patterns. This situation occurred as a result of the 

construction of the Leanyer sewage ponds in Darwin and 

considerable engineering rectification work and regular 

maintenance has been necessary to reduce the mosquito 

problems created. Site selection should ensure that there 

is no impedance to normal drainage patterns by either the 

ponds, access tracks or bunds. I f new drainage patterns 

have to be constructed to allow for surrounds drainage and 

they are likely to result in long term flow from ground 

water seepage or other sources, new diversionary drains 

should be constructed in concrete, have low flow invert 

provisions, and discharge to suitable end points. 

4. 1 . 4. Surrounds Maintenance 

It may be necessary to maintain the surrounds of sewage 

installations to prevent fire, weed growth, tree growth, 

erosion, siltation or seepage. Site selection should allow 

for all weather access all around the installation so that 

this maintenance can be carried out . There have been 

instances of seepage from large pond systems that have 

resulted in permanent swampy conditions surrounding the 

ponds, preventing vehicle access for weed and mosquito 

control. Rehabilitation of such situations can be 

expensive and drawn out affairs which are best avoided by 

good site selection. 



4. 1. 5 DLsposal or Dispersal Points 

Site selections have sometimes been made with out 

appropriate planning for the final disposal or dispersal o f 

excess effluent. Disposal near the coast is relativel y 

simple, but disposal or dispersal at inland locations can 

lead to major mosquito problems. Methods such as sprinkler 

dispersal or effluent reuse have particular site 

requirements and must be considered in detail at the time 

of site selection. If there is any likelihood that 

effluent disposal or dispersal methods will not be in place 

by the time the ponds are to become operational, or that 

essential maintenance is not likely to be a regular 

practice, the sewage ponds ideally should be at least ten 

kilometres from the edge of proposed urban areas. 

4. 2 Pond Size 

4. 2. 1 General 

Sewage pond size is usually de ter mined by engineering 

parameters related to the project ed volume of inflows, the 

expected effluent quality or the necessary retention times . 

There is often little consideration of the effect of pond 

size on mosquito breedi ng. 

is often associated with 

being too large. 

Significant mosquito breedi ng 

secondary or evaporation ponds 

4 . 2. 2 The volume of sewage inflow 

When any pond system is commissioned, the sewage does not 

take long to cover the bottom surface of the primary pond, 

or the pond can be relatively easily topped up so that 

normal treatment levels are present. However, 

treatment ponds or evaporation ponds are 

considerably larger and are rarely filled 

operating capacity for a considerable ti me. 

secondar y 

usua lly 

to normal 

This is 

particularly noticable in smaller communities where ther e 

may be inaccuracies in predicted sewage volumes, or the 

ponds may have been designed to cope with additiona l 

capacity in the future. With small effluent flows and 

relative large secondary or evaporation ponds, the later 

ponds may become shall_owly flooded, thickly vegetated 
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swamps, c apable o f breeding large numbers o f rno s qu 1 t·:>es . 

This situation has occurred at Batchelor, where the final 

evaporation pond has become a shallow swamp. If it 1s 

likely that the volume of effluent inflow will be 

seasonally low, it is better to have a number of smaller 

secondary and evaporation ponds full to capacity, rather 

than one or two large ponds. 

4. 2. 3 Wind protection 

Small ponds are often less likely to allow adequate wave 

action to deter mosquito larvae, when compared with larger 

ponds. This is particularly so if the small ponds have 

reasonably high embankments or surrounding vegetation which 

affords wind protection. Wave action has a primary role in 

discouraging mosquito breeding by preventing the larvae 

from obtaining air at the water surface. If small pond 

areas are necessary, additional care is needed to ensure 

maximum exposure to wind. They should have minimal 

embankments above the water level and continued control of 

surrounding vegetation. 

4. 2. 4 Margin length 

4. 3 

4. 3. 1 

The larger the sewage pond, the longer the margin length, 

and hence the greater the potential mosquito breeding area. 

If retention times in ponds are increased by incorporating 

peninsular bank projections, the possible mosquito breeding 

area can be increased markedly. If the margins need 

regular weed maintenance or mosquito control, these ongoing 

costs should be considered in the planning stage so that 

the most satisfactory and economical pond design can be 

used. Margin maintenance can be a particular problem for 

small communities and reduced margin length should be 

considered as a practical means of reducing the available 

mosquito breeding area and maintenance requirements. 

Pond margins 

Unlined earth banks 

Sewage ponds with unlined earth 

capacity to breed mosquitoes, 

unlined sewage pond banks will 

banks have the greatest 

and any community with 

either have a major and 



4. 3. 2 

c o ntinuous mosquito breeding pr o blem , o r be f ace d w1 th a 

regular and ongoing sewage pond maintenance program. The 

less steep the angle of the bank, the greater the available 

area for thick marginal vegetation growth and resultant 

mosquito breeding. In most instances, a one-to-one slope 

should be the minimum allowable slope. 

Unlined earth banks are not recommended for effluent 

treatment ponds. However, if unlined earth banks do have 

to be used as a temporary or emergency measure, vegetation 

growth and the corresponding mosquito breeding can be 

reduced by having the banks composed of the least porous 

materials, such as compacted clay. Unlined earth banks 

that are not maintained on a regular basis can become 

either eroded, or overgrown with grass, semi-aquatic reeds, 

or shrubs and trees such as Acacia, Mimosa and 

Melaleuca species. Corrective measures after an absence 

of maintenance can become a major operation. 

Temporary lined banks 

Various lining have been used to temporarily line banks to 

reduce maintenance needs and mosquito breeding, but 

invariably the linings either have to be renewed as an 

ongoing cost, or the banks rehabilitated with permanent 

linings. The least satisfactory lining is stone pitching of 

the margins. Stone linings do not offer a sufficient 

deterrant to vegetation growth and make mechanica l 

maintenance extremely difficult. Overall they are not cost 

effective due to the excessive maintenance requirements 

such as weed removal and the repair of stone work. 

Overlapping sheets of cement sheeting have also been used, 

but have posed medium term problems with breakages and 

vegetation overgrowth. Various types of bituminous or 

plastic sheeting have also been tried, and have shown 

promise as short to medium term solutions. Problems with 

this type of sheeting include the breakdown of the sheeting 

by human interference, plant growth, ultra-violet light and 

inadequate anchorage. The more modern ultra-violet 

resistant, heavy duty plastics, anchored with earth mounds 
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back from the rim of the ponds, ha ve been more s uc ces sf ul. 

These types of sheetings can sometimes pose a pr ob lem with 

holes and the breakdown of the sheeting in the longer term, 

but can be good temporary solutions. 

Sloping concrete margins have been tried in a number of 

locations in the belief that they are cheaper and easier to 

install when compared with vertical concrete margins. 

While much better than unlined ponds, they do have some 

drawbacks. The greatest drawback is the dampening effect 

on wave action. There is much less wave action at the 

edges of sloping concrete margins when compared with 

vertical concrete sides. The lack of wave action allows 

dust or organic matter buildup and subsequent vegetation 

growth on the margin, thus creating favourable mosquito 

breeding sites. With sloping concrete margins it is 

important to have a slight rim and the verges back from the 

rim sealed, to prevent earth and organic matter 

accumulating on the margin. 

4. 2. 3 Vertical concrete margins 

Vertical concrete margins have proven to be the most 

satisfactory means of promoting wave action and having 

vegetation and debris free margins. Vertical concrete 

margins can be precast for remote localities, or be 

constructed in situ, and have proven to be cost effective 

in the Northern Territory when compared with other methods 

( pers. com. D. -Day). The most satisfactory margins have an 

adequate depth of concrete to allow for a wide fluctuation 

in water level and have a concrete lined horizontal bench 

just above the bottom level of the pond. This horizontal 

bench assists in wall stability and prevents marginal 

vegetation establishment in the initial stages, as well as 

helping to prevent silt accumulation at the margin wall in 

the longer term. Sealed verges around the top of the banks 

are also essential to reduce weed maintenance, to reduce 

erosion, and to prevent the entry of soil into the pond. 

Vertical concrete margins can still have 

floatables and with wind blown debris in 

cutoff pools near entry or exit points. 

problems with 

the corners and 

Some of these 
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aspects can be tackled in the design stage by inco rp 9rat1 n1 

trunkated corners, and by having multiple inlets and 

outlets and underwater entry points for effluent ( pers. com. 

D. Day). 

Pond Depth 

Adequate pond depth will vary for different types of pond 

construction, but the aim should be to prevent the 

establishment or continued growth of vegetation in the 

ponds. In general, primary ponds will need to be deeper 

than secondary and evaporation ponds to prevent excessive 

maintenance caused the buildup of solids at the margins and 

at depth. This buildup of solids can become colonized by 

vegetation, particularly with seasonal fluctuations in 

water levels. For evaporation ponds, particularly those 

that are earth sided or which may take over twelve months 

to fill to capacity, a depth of two metres or more is 

recommended, to prevent the continued growth of 

semi-aquatic reeds such as Eleocharis sp. and Typha sp . 

If the secondary or evaporation ponds have low overall 

inputs of effluent, or low dry season inputs, particular 

care is needed with bottom levelling so that pooling and 

vegetation islands are not created . In these situations, a 

slightly sloping bottom to one side is recommended, with 

the deepest section on the side of the effluent entry. 

Thus low effluent inflows can be concentrated in one plac e 

and marginal vegetation reduced to the minimum. 

If there is likely to be low initial demand for secondary 

or evaporation pond area, but additional area would be 

required within a few years, it is better to have a number 

of smaller ponds and a phased commissioning, rather than 

large ponds designed for future capacity. In this way, 

maximum pond depth can be maintained in the short and 

medium term and the 

be reduced. 

available mosquito breeding area will 

4. 3 Pond Construction and Maintainence 

4. 3. 1 Pond construction 

Before commissioning sewage pond systems, a general survey 
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should be c arried out to ensure that inad v ertant mosqu tt ~ 

breeding places have not been created. Common bree ding 

places have resulted from borrow pits formed during pond 

construction, the failure to ensure that borrow pits are 

free draining, and the pooling of water in site drainage 

works or pooling caused by road access. These aspects 

should be rectified before the ponds are commissioned, so 

that they do not form part of a regular pond maintenance 

program. 

Pond maintenance 

Pond maintenance should be regarded as a fact of life. The 

highest amounts of maintenance will be required for earth 

lined ponds with seasonally variable and relatively low 

effluent flow volumes . Some form of maintenance will be 

required even for ponds with vertical concrete margins and 

sealed verges. Even those ponds in favourable locations, 

with ideal effluent characteristics, must have adequate 

provision for people and resource s to carry out a regular 

and defined maintenance program from the day of 

commissioning. The lack of regular maintenance will almost 

certainly lead to a mosquito problem, either in the short 

or longer term, and will invariably require major or 

expensive rectification. Aspects of maintenance that are 

frequently -overlooked are the regular control and removal 

of vegetation on the pond margins or the pond verges, the 

regular removal of floatables and other flotsam from 

accumulation points, and the repair of cracks and other 

damages that can allow increased soil moisture levels on 

the banks and subsequent vegetation growth. 

For some ponds, 

instituted to 

vegetation or 

a program of water level management may be 

alternatively flood or strand marginal 

floatables. This form of maintenance will 

rely heavily on pond design, effluent parameters, and staff 

experience. It has been the experience in the Northern 

Territory that regular and adequate maintenance is not 

carried out on sewage systems to prevent mosquito breeding . 

If there is any doubt whether maintenance will be 

regularly carried out, - a maintenance free design must be 
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chosen . 

5. 0 EFFLUENT DISPOSAL OR DISPERAL METHODS 

5. 1 No appropriate method 

For many of the early sewage treatment facilities in the 

Northern Territory, there was little or no consideration 

for effluent disposal or dispersal after treatment. In 

some treatment plants such as Imhoff tanks, rock aerators , 

or activated sludge treatment plants, it was considered 

that sewage had received "adequate treatment" and that the 

exce-ss effluent was not a problem and could be left to run 

down the nearest flow line. Apart from these treatment 

plants occasionally malfunctioning, this "treated" effluent 

invariably formed flooded, overgrown, stagnant pools that 

were constant and large sources of Cul ex 

quinquefasciatus or Culex annulirostris. An example of 

the rock aerator system occurred at the Coonawarra Naval 

Base near Darwin, while the example of the activated sl udge 

treatment disposal occurred in Nh ulunbuy South. These 

early treatment plants and the lack of any effluent 

disposal or dispersal method was extremely unsatisfactory 

from a public health viewpoint. 

In some instances, effluent from secondary sewage treatmen t 

ponds was· channelled or piped to either outside the 

perimeter fence or to the nearest available low lying area . 

In some situations, as occurred at Nhulunbuy and Yirrkal a, 

the effluent was directed into sand dunes in the belief 

that it would infiltrate and be a satisfactory dispos al 

method. This usually proved totally inadequate as a 

disposal method, as the high organic loads of the efflue nt 

invariably sealed any infiltration and resulted in pool ing 

of effluent throughout the dunes. 

Even after tertiary treatment in evaporation ponds, the 

resulting "treated" effluent still retains a great capacit y 

to breed mosquitoes. The best example of this type of 

effluent disposal is the uncontrolled release of treated 

effluent into the Il Parpa Swamp area near Alice 

Springs. The continued release of effluent has created a 
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large permanent reed swamp (S ee F i g 

numbers of~ annulirostris and A.!l._ 

Large evaporation ponds 

1) a nd ·v er y 

annulipes. 

hi g h 

Large earthsided evaporation ponds, either of intentional 

or 'ad hoc' design, have commonly been used as an effluent 

disposal method in the Northern Territory. Large 

evaporation ponds are rarely full to capacity for the 

entire year, and in many instances are just bunded areas 

that prevent the escape of effluent to other areas. 

Because of their large area and variable flow, large 

evaporation ponds can be shallowly flooded, dense weed and 

reeds swamps for at least part of the year. There is 

usually no · attempt to direct the flow to any one section of 

the evaporation area, and if there has been inadequate 

levelling, the effluent is left to develop its own pattern 

of pooling, vegetation growth, and mosquito breeding. 

When large evaporation ponds are constructed on an' ad hoc' 

basis by bunding effluent rele a se areas, the lack of 

levelling can create very large areas of vegetated margins 

over a range of water levels. Trees or other pre-existing 

vegetation are usually left in such 'ad hoc' impoundments, 

and as they die, they add to the organic load of the water 

and the amount of debris protection in the pond, creating 

ideal shelter and food requirements for mosquito larvae. 

The high nutrient levels, thick vegetation, and relatively 

high water temperatures in these ponds can result in 

enormous numbers of larvae. Under these conditions there 

is little capacity for effective natural biological 

control, and severe pest and public health problems often 

develop. If large evaporation ponds do fill to their 

capacity, such that they hinder vegetation growth on the 

floor of the ponds, it is relatively rare for effluent 

input to balance evaporation loss and the overflow creates 

a new and additional mosquito breeding area. In addition, 

evaporation ponds · that dry up and are then seasonally 

inundated during rainy periods can become breeding grounds 

for floodwater mosquitoes such as Aedes normanensis. 



There are a number of aspects t h at should be incorpor ated 

into the design of large evaporation ponds to reduce the 

amount of mosquito breeding. These include: 

initial and regular removal of all emergent 

within the evaporation area; 

vegetation 

levelling of the floor of the evaporation area; 

division of the evaporation area into a number of 

s ma 11 er are as; 

* constructing a sloping floor to concentrate the water 

in a 'sink' area at the effluent entry point; 

* concrete lining of the 'sink' area on the floor of the 

evaporation area and lining of embankments. 

Incorporating one of more of these aspects into the design 

can be prohibitively expensive . The alternatives would be 

to have a regular maintenance program that would be 

expensive in the longer term, or to choose a more suitable 

method of effluent disposal. 

5. 3 Small evaporation ponds 

The use of small concrete lined evaporation ponds can be a 

very effective method of effluent disposal. The best 

designs incorporate a series of relatively small, concrete 

lined ponds that can progressively fill by gravity 

overflow. Such a system may be expensive to construct , 

particularly if the whole evaporation area required is 

relatively large. However, this method has the advantage 

that it is relatively maintenance free and can cope with 

variations in effluent volume: 

Evaporation ponds that have particular problems with 

excessive inflows during rainy periods may require 

temporary disposal of effluent. If this disposal is made 

to a large river or creek system during flooding, little 

additional mosquito breeding may result. This additional 

refinement for effluent disposal requires precision timing 

and a knowledge of the flow behaviour of the river 

concerned. 
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5. 6 

Disposal to the sea 

Disposal of effluent direct to a daily flushed tidal area 

is one of the most suitable methods for effluent disposal. 

The least problems are created if the disposal is via a 

stable disposal point to the open sea. Disposal to a 

large, daily flushed tidal creek is usually adequate, as 

long as there is only a relatively small distance from the 

disposal point to the open sea. Dispersal at the end of a 

relatively long, narrow or tortuous tidal creek can result 

in effluent buildup in the creek, and this can then be 

pushed higher up the creek line by incoming tides, into 

areas where mosquito breeding sites can develop. 

If effluent is disposed into tidal areas that are not daily 

flushed, ecological changes and mosquito breeding will 

occur. This will largely depend on the effluent volume and 

the number of days that the disposal site is inundated by 

tides. The greatest mosquito problems will be created when 

large volumes of effluent are r el eased onto large, flat 

areas at the tidal extremities. Incorrect disposal into 

tidal areas can not only create breeding sites for 

freshwater species of mosquitoes , but can also create 

breeding sites for brackish water species such as 

An. farauti, and salt water species such as 

Cx. sitiens, An. hilli and !JL_ vigilax . 

Disposal to rivers 

For areas away from the coast, treated effluent can 

sometimes be disposed of into rivers. The suitability of 

this method will depend largely on the volume of flow in 

the river, the seasonal variability of flow, and the 

downstream effects of the disposal. Disposal to rivers or 

creeks that have only seasonal or small flows is generally 

not acceptable, as eutrophication or ecological and 

vegetation changes will lead to mosquito braeding. 

Sprinkler dispersal 

Sprinkler dispersal involves the periodic dispersal of 

treated effluent over a relatively large area of land via a 

system of pipes and sprinkler heads. This method has been 
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relatively successful 1n areas where t here have b~e n 

particular problems with other disposal methods. Disper sal 

is most successful onto areas with well developed stands of 

trees on soils of good permeability. An example of a 

successful sprinkler dispersal system has been incorporated 

into the Jabiru sewerage treatment area, where the final 

effluent is automatically and periodically dispersed via a 

system of overhead sprinkler heads, onto a fenced area of 

native eucalypt forest. Initial problems with the Jabiru 

system included fire damage to the above ground PVC pipe 

system and blockages of the spray heads with algae. These 

problems were largely rectified by the construction of an 

underground pipe system. 

Ideally the site should be relatively flat, but allow for 

good drainage during rainy periods. Feeder lines to 

sprayheads should be laid out along contours, rather than 

at right angles, so that water retained in the lines after 

the finish of spraying will drain out of all sprinkler 

heads rather than the lowest. This will avoid creating 

permanent pools of effluent. 

The area required will largely depend on the volume of 

effluent to be disposed, and the longer term capability 

of the soil and the vegetation . For sprinkler dispersal in 

the more northern monsoonal areas, extra care is requir ed 

for site location to ensure that effluent contaminat ed 

runoff can not pool in nearby flow lines or creeks. 

Sprinkler dispersal can be used for tree and pastur e 

growing or landscape watering, but the National Health and 

Medical Research Council Guidelines for the Reuse of Waste 

Water must be adhered to CNH&MRC, 1979). Sprinkler 

dispersal via small under -tree sprinklers or drip 

irrigation may require the effluent being subjected to some 

form of tertiary treatment such as filtration or 

chlorination. This is usually only feasible for small 

effluent volumes. For large effluent volumes, larger 

sprinkler heads and higher operating pressures are usuall y 

necessary. Tertiary chlorination has been used to provide 

a high quality effluent for drip irrigation and 
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spray heads has been successfully used o n 

Park in Alice Springs, but potential problems 

area with a high salinity water and rising 

Small Furrow Irrigation 

This method is useful for relatively small volumes of 

effluent on sandy soil in low rainfall areas. A feeder 

channel is used to deliver effluent to a ploughed area of 

small furrows sloping gently away from the feeder channel. 

Disposal is by infiltration into the sandy soil. When 

infiltration becomes less efficient, the flow is directed 

to an adjacent ploughed area, and the original area is 

allowed to dry out and is reploughed. 

This system requires a considerable amount of attention and 

maintenance , but has been used successfully at Perth 

Airport . 

Channel infiltration 

In this system, permanent infiltration channels are 

constructed and effluent flow is directed down a number of 

groups of channels. The length of the channels will depend 

on the effluent volume, soil permeability and the suitable 

area available. The channels must be well constructed, 

with a good distribution system and correct gradients to 

provide sufficient inf i ltration. Each group of channels 

has to be alternatively spelled and maintained. Small 

scale use of this method has been tried at Batchelor and at 

the Katherine Abbatoirs , but proved to be relatively labour 

intensive and required high levels of maintenance. A 

variation of this method has been used on a larger scale at 

Il Parpa in Alice Springs, to grow eucalypt tree~. 

Problems on the larger scale have included a high larbour 

input, weed control in the channels, rising salinity levels 

and rising water tables . This method can be used on less 

porous soils than is possible for furrow irrigation. If 

this method is used for the irrigation of tree or bush 

crops, more intensive moni t oring of various parameters is 



required to ensure th e longer term ~iab1 lit y o f th e crop . 

5. 9 Flood bay irrigation 

The degree of land preparation for flood bay irrigation is 

usually considerable, as a system of co~rectly,graded flood 

bays is necessary to allow for efficient flooding and to 

prevent pooling at the end of the flood bays. The bays are 

periodically flooded and the effluent - is allowed to 

evaporate or infiltrate in the bays over a period of four 

to five days. This method has been used successfully to 

grow irrigated pasture in Mildura. Problems with flood bay 

irrigation arise during rainy periods, when extended 

flooding of the bays can occur and can result in mosquito 

breeding. Recently a more sophisticated delivery system 

for a flood disposal method has been designed for the 

Gapuwiyak sewage treatment system. This system 

incorporates an automatic siphon and a distribution drain 

designed to release effluent evenly over a very large flood 

bay. This design has not yet been tested under operationa l 

conditions. Potential problems exist with pooling of 

effluent, as the flood bay or evaporation pond has not been 

critically levelled. If the present design has operatio nal 

problems, this refinement can be incorporated later. 

6. 0 BIOLOGICAL CONTROL 

Biological control can be a very efficient means of 

controlling mosquito larvae in sewage treatment pon ds. 

However, for biological control to operate effectively, the 

right physical environment for the control agents has to be 

provided. 

There are few biological control agents that can oper ate 

efficiently in septic tanks or the high organically load ed 

primary sewage ponds . 

mentioned above, must 

Physical design 

be the primary 

mosquito numbers in these areas . 

considerations, as 

means of reducing 

The major biological control agents in secondary treatment and 

evaporation ponds are fish, aquatic beetles and aquatic bugs. 

Fish can control mosquito larval numbers di~ectly by eating 
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the larvae, or indirectly by eating algae or aquatic weeds 

which provide protection from other predators or wave action. 

Fish are usually only suitable for the higher oxygenated 

waters found in secondary ponds or evaporation ponds. Several 

species have shown promise in the Northern Territory. These 

include the bony herring, which has been successful in 

reducing surface algae in the former Ludmilla sewage ponds in 

Darwin, and Melanotaenia sp., which is a very efficient 

larval predator in the final evaporation ponds at the Ranger 

Uranium Mine sewage treatment area. 

It is essential that marginal vegetation such as couch grass 

and reeds be eliminated or kept to a minimum, so that fish can 

have physical access to the mosquito larvae. Actively growing 

Eleocharis sp. and Typha sp., with upright stems, may not 

restrict access. 

lodge over, they 

However, when these weed species die or 

prevent physical access for the fish and 

enable mosuito breeding. 

Aquatic beetle larvae ( Carabidae) and aquatic bugs 

<Belostomatidae} are the most efficient mosquito larvae 

predators in secondary and evaporation ponds. The aquatic 

bugs are able to live in higher organic water than the aquatic 

beetle larvae, and can be present in enormous numbers. Again, 

physical impedance by thick vegetation at the margins will 

reduce the effectiveness of these predators. These insect 

predators can achieve almost total control of mosquito larvae 

in sewage ponds of suitable water quality, and vegetation free 

margins. 

7. 0 ~HEMICAL CONTROL 

The aim of chemical control of mosquito larvae should be 

apply the minimum amount of insecticide to prevent 

production of adult mosquitoes. Chemical control should 

be used as a long term strategy in sewage treatment areas, 

to 

the 

not 

in 

order to avoid insecticide resistance and unwanted effects on 

non-target organisms. However, insecticides may need to be 

applied during the initial operational period, or when 

maintenance needs have not been carried out. The insecticides 

of choice to control mosquito larvae in sewage ponds and 



effluents a re either Temeph os o r pacil l u s 

var . israelensis C Bti). Correct rates for these c hemi cals 

must be strictly adhered to, as overtreatment can kill f is h 

and other aquatic insects . 

8. 0 MOSQUITO SAMPLING 

Regular inspections for mosquito larvae should be carried out 

in sewage 

breeding is 

determine 

necessary . 

ponds and their effluents to determine whether 

occurring. These 

control 

inspections can be used t o 

whether weed or chemical control is 

Chemical control with Temephos or Bti may need to 

be carried out at weekly or longer intervals depending on the 

presence of larvae. The presence of pupae indicates tha t 
r 
control should have been carried out at shorter intervals . If 

only first and second instar larvae are present, they are an 

indication that either biological control is quite efficient , 

or that the mosquitoes 

area. 

have just started to breed in tha t 

Mosquito larval or pupal samples can be collected by dipp i n g 

in sheltered vegetation with a s o up ladle. Any larvae 

collected should be stored i n small v i a l s with 70% alcohol or 

methylated spirits, together with information on collection 

locality, site, date and collector . Larval or pu p a l 

identifications should be checked by an entomologist . 

Adult specimens collected by biting or harbourage collection s 

can be sent for identification, packed loosely in tissue paper 

in a small box, together with all the details of collection . 

Chironomid midge pupae or adults are often mistaken for 

mosquitoes and their presence has often resulted in contr ol 

programs being instituted where none has been necessary. 
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